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SMALL CAST VITMXmMGAS-TURBINEBLADES

By CharlesA. Hoffmanand CharlesYaker

An investigation was conducted to determine the effect~of
an agingtreatmenton the life of smallcastVitalliumgas-turbine
bladesoperatedat a bladetemperatureof approximately1500°F
and a stressof 20,000Tbundsper squareinchat the blade-failure
plane. !l?wentybl.adesthatwere aged for 48 hours at 1500°F were
compareilwith 33 unageilblaaes.

Aging,whichhas beenreportedto hardencastVitalliumand -
to improvestress-rupturelife,apparentlyimprovedthe tiresfor
initialbladefailure,the averagelife,and the uniformityof
life of the bladesuses in this tivesti~tion. The livesof the
lastbladesto failwerenot appreciablyaffecteaby the aghg
treatment.Statisticalanalysisof the Klade,-lifedata did not
indicatea significantimprovementin mean life or uniformityof
life of the blades. This fact,hawever,doesnot necessarilyprove
thatagingis withoutbeneficialeffects,but ratherindicatesthat
furtherinvestigationis desirableto obtainmore conclusiveresults.

A comparisonof the livesof unagedVitalliumbladeswith stress-
rupturedata for castVitalli.umMrs evaluatedat substantiallythe
same conditionsindicateda relationbetweenstress-rupturelifeand
bla(ielife.

Both sempleswere progressivelyha,rdaedby precipibtion
duringoperation.Afterabout 35 hoursof operation, theywere at
the samehardness,which increasedslightlythereafter.

Metallurgicalexaminationrevealedthatbladefailurewas
initiateaby intercrystallinecracking.
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INTRODUCTION .

A possiblemethodof improvingthe timesfor initialfailure
of gas-turbinebladesis heattreatmentof the material.in order
to increasethe averagelife,unifo~ty of life,or both. Investi-
gationof the effectsof,agingcertainhigh-temperaturealloyshas
shownthat in severalinstancesimprovedstress-ruptureproperties
may be obtainedby suchtreatment(reference1). Cast Vitallium,
an alloycurrentlyused as a turbine-bladematerial,has shown
appreciableimprovementin stress-ru@re strengthwhen aged
(reference1). Aging strengthensthe alloystructurethroughthe
formatiqnof a precipitatein the crystalmtrix.

An investigationwas conductedat the NACA Lewislaboratoryto
determineif the mean lifeand the initialfailuretime of cast
Vitall.iumturbinebladescouldbe increasedby an agingtreatment.
This investigationassumedthatbladefailurefor the particular
bladesinvestigatedis, to a degree,a std?ess-rupturephenomenon,
An baicati~ of the effectof enaghg treatmenton the uniformity
of lifewas also sought. maaaitim, it was desired to analyze
the resultsobtainedbyobjectivestatisticaltechniquesin order
to detezminethe reliabilityof my observeddifferences,and to
obtainan indicationof.thepossiblereliabilityof the conclusions
for similartivesti~tionsusingthe same-orsmallersize samples
of mterials wifi appro~tely the same scatterof bladelife.

TwentycastVitalliumturbinebladeswere qged for 48 hours
at 1500°1?ma theiroperatingliveswere comparedwith thoseof
33 unagedbladesin a smallgas-turbtieevaluationunit. ASL blades
were operatedon the sameturbinewheelat conditionsthatproduced
a bhie temperatureof approximately1500°F and a centrifu&zalstress
of about20~000p’oundsp~;

Metallurgicaldata on
bothnono~rated and failed
beforeand afteropmxtion.
stuaiea.

—
squareinchat the expectedfailurezone.

structureand hardnesswere obtainedfor
blades,in orderto deterqinedifferences
The mechanismof bladefailurewas

— .—— -- .—— -— -——---
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APPARATUSAND PRoclm.m

BladeOperation

The Vital.limnbladesused in thisinvestigationwere of the
followingnominalchemicalcomposition(reference2):

Typical

g E– s Cr—

0.20 - O*35 1.00 1.00 25.00 - 29.00
max. max.

Ni

1.75 - 3.75 5.00 - 6.00 2.00 remainder
max. .

bladesare shownin figure1.

All bladeswere radiographerfor internalflawsand visually
e-ed for etiernalflaws. The shroudsof the bladeswere ground
to a @%dthof 0.270inch,a lengthof 0.450inch,and a thickness
of 0.070 inchh orderto eliminateshrouddimensionsas a variable
and to producea nominalcentrifugalstressat themidpointof the
bladesof 20,000poundsper squareinchat operatingconditions.

Beforebeingmountedin the turbinewheel,20 castVitallium
bladeswere aged for 48 hoursat a temperatureof 1500°F in a
heliumatmospherewhichwas employedto preventoxi~tion of the
bladesduringthe agingtreatment.An electric-resis~cefurnace ~
controlledby a commercialtemperaturecontrolleraccurateto
QO”l? Was used.

A smalles turbine,suppliedwith hot gasesfroma turbojet
combustionthem.er,was used to evaluatethe performanceof the
turbineblades. The turbineoperatingtemperatureswere fidicated
by a thermocouplethatmeasuredgas temperaturein the Mlet duct
12 inchesupstreamof the turbineinlet. The evaluationapparatus
is thatdescribedin detailin reference3, exceptthatin this
investi~tionthe gas inletwas at the top of the turbineinstead
of at the side. A thin shieldof sheetmetalwas placedaround
the turbineapproximately4 inchesfrom the innerwall of the
water-sacketedhoustigsurroundingthe assembly. The space
betweenthe shieldand the housingwas filledwith asbestos
packingto catchbladefragmentsand therebypreventinjuryof
soundbladesand preservethe fragments.

~- .—.. ..— ____ ... —...—-—
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The turbinewheelwas 9* tithesin diemeterand the blades
6

extendedl+ inchesbeyondthe wheelperiphery.The turbinewheel,
L!

whichmounted142 blades,is shoynin figure2. The 20 aged blades
and 33 uuagedbladeswere locatedat approximatelyequalintervals
aboutthe wheelperiyhery.The regainingbladesin the wheel
functionedonlyto ~reservethe operatingcharacteristicsof the
wheel.

The tu?%ineevaluationwas conductedin the followingmanner:
Combustionair W& suppliedto the turbinesnd the turbinewheel
was motoredat approximately6000rpm for 5 minutesas a purging
processfor safetypurposes. This periodwas designatedmotor
time. Conibustionwas then initiatedand operatingconditionswere
achievedin approximately3 minutes(powertime). The wheelWZH
then operatedat 22,500+200rpmend an inletgas temperatureof
1650°i15°F untilbladefailureoccurred(conditiontime). (This
inletgas temperaturewas estimatedto yielda bladetemperature
?f about1500°F.) Bladefailurewas indicatedby a changein the
pitchof the soundcomingfrom the unit. Upon failureof a blade,
combustionwas immediatelyterminated and the air flowwas quickly
reducedto a.valuesuchthat the turbinemotoredat about6000rpm.
This air flowwas mintiined for about10 minutesin orderto cool
the assembly. Shutdownswere quicklyeffectedin orderto minimize
the effects of vibrationcausedby wheelunbalance.The turbine
wheelwas thenremovedfor replacementof bladesthathad failed.
xIYacturedbladeswere replacedwithnew Vitalliumbladesof the
shrouddimensionsgiven. Severelycrackedbladeswere considered
failuresand were also replacedin orderto minimizeshutdowns
and the risk of injuryto soundbladesby flyingfragments.Records
were kent of oneratin~conditionsand of bladeconditionsat each
overha~. llhe-turbin;-wheelassemblywas dynamically
to initialoperationand thereafteras was necessary.

MetallurgicalExamination

balancedprior

*

All bladesthathad failedwere examinedto determinefracture-
surfacetextureand oxidecoloring. lh orderto determihethe
relative~ain sizes,the blhadeswere sectioned1/16 inchbelow%he
failurezoneand mounted,polished,and electrolyticallyetchedin
10-percentaqueoushydrochloricacid. The numberof grainsin the
blade crosssectionwas countedundera low-powermicroscope.

n
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By use of
the Wflnesses

a Rockwell.hardnesstesterand the
of threenonoperatedunagedblades

5
.,. .

RockwellA scale,
~a threenon-

ope~ted.agedblades,as well as all the evaluationbladesthat had
failed,were determinedin the crosssection1/16 inchbelowthe
failurezone. The ha@ness readings Wre correct toil Ro&wellA
unit.

Areas of bladefracturewere ~croscopicallyexamined.to
determinethe mechanismof failure. In orderto determinethe
changesin structureoccurringduringoperation,honoperatetl
%ladesand bladesthat had failedof both agedand uuged samples
wereexamined. Thesespecimens,examinedat highmagnifications.
with a commercialmicroscope,were
solutionof 10-percentnitric~ia
in ethylalcohol.

Statistical

Statisticalparameters, which

electrolyticfiy;tchedin a
plus 10-*rcent ethyleneglycol ‘

Methods

are commonlyused.,were employed .
to measureand to comparethe livesof the unagedand the aged
blades,and to determinethe significanceof changesin life. The
equationsand the tablesused in solvingthe equationsare set forth
in standardstatisticalwritings,suchas reference4.

The mean
respectively:

lifeand the standa?qldeviationof the sempleaxe;

,=2 (1)
n

L5-(-+2 “
S1=

n..

where

x mean life of sample,hour

xi individual-bladelife,hour

s standarddeviationof sample(measureof scatter),hour

n totalnuniberof bladesin sample.

.

.

(2)
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The llmitsfor a po@ation mean,basedupon particularsemple
evidenceand assuminga nomal distributionof samplemeans,may be
statedfor a givenprobabilityby the equation

t= ‘jx * z) ql%=i
s

(3)

where

t Students t distributionfor n - 1 degreesof freedomand
for desiredprobability

z maximum.orminimumpopulationmean for precedinggiven
probability

The differencein variabilityof the two samples,assumingthey
are normallydistributed,may be testedby the equation

nl log t?12- n2 loge622(nl+n2)Joge~- ~+ae
L=

where

nl, =

‘2=”

(4)

(Nl - 1)

“ (N2 -1)

samplesizes

2+N2S2 2
‘1 ‘1
N1+I?2-2

.

N2 S22

‘2-1

samplestandarddeviatim

-le s*@d deviation

u

.,
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.

1a=— ( 1 1 )3 ~+~”N1+~2-2

The valuesof L have a X2 distributionwith one degree
2 distribution,the probabilityofof freedom. By use of the x

obtaininga particularvalue-of L, and hencethe probabilityof
a differencein variability,canbe determined.

,
.RESULTSANDDISCUSSION

TurbineEvaluation

The timesfor failw’efor turbinebladesof the unaged and
agedmaterialsare listedin table1. The failuretimes-forboth
typesof bladeare presentedin figure3 as cumulative-frequency
(ogive)plots. The data showthatagingpriorto operation
~ppa.rentlyincreasesthe meen life,the uniformityof life~and
the timefor initialfaihre of VitaIliumturbineblades. These
resultsindicatethataging,which improvesstress-rupturestrength,
ticreasesbladelife. The cumulative-frequencydatapoints
(fig.3) also showthatafterabout73 hours of operationthereis
littledifferencein the performanceof the.twosamples,which
indicatesthataginghas not significantlyaffectedthe livesof
the lastbladesto fail.

The comparativestatistics.forthe two turbine-bladesemsples
are listedin tableII.

we statisticalcalculationsustiga posterior probability
showthe probabilityto be 87 percentthatthe populationmean
for the unagedbladeswill,be less than59.5hours;whereasthe
probabilityis 87 percentthat tie populationmean for the aged
bladesis more than 59.5hours. Thereis a 90-percentprobability
thatthe uniformityof life of the two samplesdiffer,~a most
likelydifferin the directionof greateruniformityfor the aged
blades. Statisticalprocedurerecommendsthat 99-percentprob-
abilitybe consideredvery significa.ut,95-percentprobabilitybe
consideredsignificant,and 90-percentprobabilityindicatepossible
significance.Significancelevelssubstantiallylessthan95 percent
considerablyincreasethe risk of errorin ass-g a changewhen,
in fact,therehas not been one. Hence,on thisbasis,thb results
producedby agingare not higjblysignificantand may have been due
to chance,althoughthereis someindicationthata~g improves
uniformity.This conclusion,of course,doesnot necessarilyimply
thatagingis withoutbeneficialeffect,%ut-a statementof
improvement,on the basisof theseparticule,rresults,would invoLve

. ..-. ..... . .—. ...——._______ . .... _____ . .. .. . .. .._ ... —.————..- ---- - .—_________— . .
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a ratherlargerisk of error. Additionalinvestigation,with
increasedsamplesize,~oulabe requiredin orderto providemore
conclusiveindicationof the effectof aging. This analysisyre-
sumes,of oourse,thatrandomblade sampleswereused and that the
bladefailureswere normallydistributed,althoughdeparturesfrom
normalitymay.havea negligibleeffecton the analysisof the mean.

It shouldbe notedthat,althoughthe samplesusedwere of a
comparativelylargesizeand yieldedapparentdifferences,this fact
is not necessarilyan indicationthattherehas actuallybeen a
significant-change.

It is of interestto examinethe specificmannerin which
stress-rupturepropertiesof unagedVitallium,cast in the shape
of standardstress-mpturespecimens,comparewith the behaviorof
the unagedblades. A tabulation.ofc-ative failuresof unaged
Vitalliumspecimensthatfailedin stress-nptureevaluationsat
1500°F anti20,000goundsper squareinch (planestressin failure
zoneof blades)is givenin tableIII; the stress-rupturedatawere
obtainedfrom reference5. The data of table111 are for specimens
castin a singleheat;theythereforemay be of the samechemical
composition.The mean lifefor the stress-rupturespecimensample
is 73.5hoursand the standarddeviationis 25.2hours. The
cumulative-frequencycurvesfor thesedataand for the unagedblades
are comparedin figure4. The stress-rupturespecimenshad a longer
mean lifethanthe unagedblades(73.5hr as comparedto 55.2hr).
The standarddeviation’is slightlygreaterfor the stress-rupture
specimens(25.2hr as comparedto 20.7 hr). Calculationsindicate
thatthereis a 95-percentprobabilitythat the stress-rupture-
specimenpopulationmedn is greaterthan 63.9hoursand that the
unaged-bladepopulationmean is lessthan 61.1hours. It can
thereforebe concludedthat thereis a significantdifferencein
populationmeans. Also, computationsindicatethatthereis a
95-percentprobabilitythatthe actuelstandarddeviationfor the
unaged-bladepopulationwillbe no greaterthan 27.6 hours;hence,
it is seenthatthe deviationfor the stress-rupturespecimencould
be the same or approximatelythe sameas that for the unaged-blade-
samplestandarddeviation.Inasmuchas both samplesmay haveabout
the samedispersion,thereis a-possibilitythatthe ssmesystematic
causesof failureoperatein both instances,but abouttiifferent
levels. @ accuratecomparison,however,can be made onlywith a
largernumberof itemsin both samples. Figure 4 can Suppoti this
theoryinasmuchas the two ogivecurvesare similarin shapeand
dispersion,but are displaced.Thus,thereis an indicationthat
stress-rupturedatamay be a primarycriterionin determiningblade
life in a smallgas turbineof the typeused in this investigation.

.

.

.,.
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MetallurgicalExamination

Typicalfailuresare shownin figure5. The failurezonelies
midwayalongthe airfoillength. Figure5(a) illustratesa blade.
-t was removedbecauseof severecracking: It ~ifests no nec~g2

but appearsto have crackedat both edgesand at the center. Fig-
ure 5(b) showsa bladethat crackedat the centerand one edge only.
Becauseof the displacementof the centerof uea consequentto
cracking,centrifugal-forcehas bent the blade. Figure5(c) illus-
tratestheneclchgof a bladeand the subsequentfractureat a petit
outsidethe regionof necking. This behavioris typicalof the blades
thatfailedafterneckingoccurred. Figure5(d) illustrates
crackingand neckingoutsidethe failurezone. Thesemodes of failure
are typicalof bothaged and unagedblades.

Examinationof the failuresof both samplesindicatedthat
cracksstartedin the grainboundariesand becametranscrystalline
as theyprogressed.A typicalintergranularedge crackis shownin
figure6. btergranularsurfacecracksalso occurredat the center
of the blades. Thismicrostmucturalevidenceindicatesthatunder
the temperatureand stressconditionsof tiisinvestigation,the
failureprogressesh its e~ly stagesalongthe grainboundaries.
It is not lnownwhether‘Lb?anscrystallinityis characteristiconly
of the laterstagesof rupture,or is presentat en earlierstage.
Thermalstressesapparentlywerenot’severe$becauseno bladewarping
was noted.

The texturesof failuresurfacesare exemplifiedby thoseshown
in figure7. The coarsecrystalltiesurfacewas observedhall
failures. The surfacewas dividedintotwo distinctzonesnm.ni-
festtigdifferentoxidecolors,one a dark grayand”theo.tier
rangingin colorfrom lightstrawto deepblue. The gray zonewas
presentin the areawhere crackingfirstoccurred;whereasthe
othercolorswere observedonly on freshlyfractureds&faces.
Therewas no evidenceof afatigue type of failurein any of the
fracturesma-, from the natureof the fractures,stressruptureis
probablythe major causeof failure. It is impossiblefrom tie
resultsof this investigationto detemine the extentof other
factors,suchas thermalshockor vibration,and whetheror not they
are contributingcausesof failure.

The resultsof the -in-size measurementsare listedin
tableIV, Thesedata indicatea wide variationin grainsize.
Attemptswerenmde to relatethe bladelife of both sampleswith
grainsizeby determingif a simplegyosscorrelationbetweenthesefac-
tors couldbe obtatie~. This investi~ti~ did not fidicatethat grain
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sizeyas a strongfactorinfluencingbladefailure. Such factors
as grainorientationand variationsin bladedimensionshowever> .
may have obscuredeffects’of grainsize.

The resultsof hardnessdeteruminationson boti typesof blade
afterturbineoperation,as well as bladesthathad not failed,are
presentedin figure8. Each gointon the mph representsan aver-
age value of five readingsdistributedoverthe blade crosssection.
It shouldbe notedthatthe unagedbladeshardenedrapidlyand reached
the - hardnessas tie aged bladesthathad not failedin about
9 hours. The presenceof high stressespossiblycontributedto the
rapidaging. The presenceof stressis knownto accelerate,agingin
lightalloys(reference6),but it is not conclusivelyknownwhether
high-temperaturealloysof the Vitalliumtyyeare so affected. Both
setsof usedbladesattainedthe samehardnessafterabout 35 hours
of operation,end the hardnessincreasedslightlyat approximately
equalratesthereafter.Theseresultsshowthatfailureof some
unagedbladesoccursbeforethe bladesreach the pointwhere the hard-
ness increaselevelsoff (35 hr). No agedblades,however,failed
before35 hours,whichindicatesthatpreoperationagtigresultedin
the bladesbecomingalmostfullyhardenedbeforefailure. The aging
periodof 48 hoursat 1500°F was selectedto yieldgood stress-
rup,tureproperti-es(reference1). It is apparentfrom the hardness
data,however,thatagingbeforeoperationwas onlypa?tlycomplete.
The attainmentof a higherpreoperatiotihardnessmightfurther
improve~erformance.

Photomicrographsof uuagedbladesbeforeturbineevaluation
and afterfailure,at timesrangingfrom 4.3 to 84.2hoursJare

“presentedin figure9. Figure10 showsthe structuresof aged
bladesbeforeevaluationand afterfailureat timesrangingfrom
35.8to 90.8hours. The unagednaterialshowsno precipitatebefore
engineoperation(fig.9(a));a precipitateis clusteredaboutthe
originalmicroconstituentsafter4.3 hours of o~eration(fig.9(b));
furtheroperationshowsa greatertendencyfor the precipitateto
penetratethematrix. By comparison,the aged samplebeforeoperation
showsa precipitatecloseto the microconstituents(fig*10(.a))end
all agedbladesthatwere examtneilafterfailurehad a precipitate
extendinginto the matiix. The evidenceof the precipitateservesto
corroboratethe hsrdnessdata.

The metall.ur@calstudiesrevealdifferencesh the hardening
characteristicsand the microstructureof the unagedand agedblades.
This disparitysuggestssignificantdifferencesin the expected
behaviorof the two typesof blade,althoughthe directionof
changecannotbe indicatedon thisbasis.

—— --
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SUMMARY OF RESULTS .

The investigation to determinethe effectof aghg (48 hr at
1500°F) on the performanceof smallcastVital.liumgas-turbine
blades,operatedat a stressof 20,000poundsper squsreinchand
an estinmtedtemperatureof 1500°F, yieldedthe followingresults
and statisticalinterpretations:

1. The data obtainedindicatedthatagingimprovedtie life
of the firstbladeto fail,themean life,end-theuniformityof
life of the blades. The livesof the bst bladesto failwerenot
appreciablyaffectedby the agingtreatment.

2. Statisticalanalysisof’theblade-lifedata-didnot indi-
cateany significantimprovementiu mean life or uniformityof life
of the blade. Thisfact,howe~erjdoesnot necessarilyprovethat
agingis without?)eneficialeffect,but ratherindicatesthat
further@vestigationis desirableto obtainmore conclusiveresults.

3. Comparisonof datafor unaged bladesand for stress-rupture
specimensrevealedsomesimilarities,which suggeststhat stress-
rupturecharacteristicsand bladelifeare related.

4. Both ssmpleswere progressivelyhardenedby precipitation
durtigoperation.Afterabout35 hoursof operation,theywere at
the sanehardness,whichincreasedslightlyat approximatelyequal
ratesthereafter.

5. Failureoriginatedin the grainboundaries.

LewisFlightPropulsionla%oratory,
NationalAdvisoryCommitteefor Aeronautics,

Cleveland,Ohio,August26, 1949.
0
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TABLEI - TIMED18TRIB~IONOF l?~ FOR

~ GAHNJRBINEBIADES

.

13

Tim
(hr

4.
29.,
30.!
31.4

34.:
38.(
42.(
43.;
45.(
46.$
So. e
55.6
57 ●o
57.1
59.9
66.7
69.0
74.0
76.3
78.8
79.3
79.8
83.4
83.8
84.2
98.8

Unz

Nude
faile

1
1
2
1
2
1
2
2
1
1
1
2
3
1
1
1
1
1
1
1
1
1
1
1
1
1

I
I I

Tem,eratwe,1500°F; stress, 20,000 lb/sq in..
.

Id ble

Total
numbe
faile

1
2
4
5
7
8

10
12
13
14
M
17
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Total T~
percent (I)2?
failed

3 35.
6 43.:

12 46.!
is 47./
21 54.!
24 57.:
30 59.3
36 62.;
39 69*C
42 73*Z
45 76.2
51 76.9
61 82.0
64 83.4
67 90.8
70
73
76
79
82
8!5
88
91
94
97
.00

LNumberTOW
failednumbe

faile

1
1
3
1
1
1
1
1
1
4
1
1
1

.1
1

1 1
2
5
6
7-
8
9

10
33.
15
16
17
18
19
20

2Total

percent
failed

5
10
25
30
35
40
45
50
55
75
80
85
90
95

100

.
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TABLE II - COMPARISONOF RESUIESOF STATISTICALCALCULATIONS

statistic Iquation Material
wgOa Age&

x> ~ life (1) 55.2 hr 63.6 III’

S$ sample (2) 20.7 hr 1.5.2 h?.’
Sixmaara
aetiation

Prollabil.ityof (3) ana 87-percent 87=percent
Mff erencein tables, probabilityprobability
popnlatim “ reference4 thatpopula-thatpopula-
mean lives. tionmean tionmeanwill

, will not ex- not be less
ceea59.5& than 59.5hr

Probabilityof (4) ma
differencein tables, 90 percent
variation reference4
betweensamples

TABLEIII - TIME D323TR16UTIONOF F~

FORvITUUUM SIRESS-R~ SPECIMENS*

[
Temperate, 1500°F; stiess,

20,000 lb/sQ in.q

1

2
4
5
6
7

,8
9

10
11
12
13

Time
(h’)

38
46
55
62
63
64
69
84
91
96
99
134

Total
percent
failea

7.7
14.4
30.8
38.5
46.1
53.8
61.5
69.2
76.9
84.6
92.3

“100.0

.

.

.

.,

#
.
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Blad{

1
2
3
4
5
6
7
8
9

10
n.
12
13
14
I-5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30 “
31
32
33

TABLE IV --SUMMARY OF GRAIN-SIZEMEASUREMENTSOF

VITALLIUMTURBINEBIADESTHATF-

---@.8
Cimefo
?ailure
--Q&

4.3
29.1
30.9
30.9
31.4
34*3
34.3
38.0
42.8
42.8
43.2
43.2
45.8
46.9
50.6
55.6
55.6
57.0
57.0
57.0.
57.1
59.9
66.7
69.0
74.0
76.3
78.8
79.3
79.8
33.4
33.8
34.2
)8.8

Uades.
IVm@erof
grains in tots
crosssection

4
5
3
2
8
3
5
5
7
2

U
10
5
9
6
14
8
5
3
12
5
5
6
10
7
7
9
3
10
5
2
6
4

Blad[

1
2
3
4
5
6
7
8
9

10
.33.
12
13
14
15
16
17
18
19
20

-4@
rime fo
Failure
u
35.8
43.3
46.9
46.9
46.9
47.8
54*5
57.1
59.1
62.7
69.0
73.3
73.3
73.3
73.3
76.2
76.9
82.0
83.4
90.8

lades
LWIIIDer Of

grains in total
crosssection

8
.7
9
16
20
5
3
16
2
7
5
5-
15
8
9
5
4
9
9
4

15

. . —--—.-—----—..---....—..—.-—..— ..—____ _. .- ._. . ___________ . . . .. . ._.-.._-
1



. .

,

e

.

-—



NACA TN 2052 17

(a) Long-nsckedtype.

a

4.25-47

(b) Short-neclwdtype

Figure 1. - TY’@cd. gas-tur>ineblades.
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.

‘

C- 24856
12-9-49

Figure 2. - Assembly of turbinewheel snd blades before operation.
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.- —

(a)

.. -.+- ,
! %-s”- ““:.’”* “-.-,-

(b)

. .. ... .,.... 1

(c) “) -
C- 24857
12.9-49

Figure 5. - Typical blade failures. X2.
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.

Figure 6. - !l?ypicalintergranul.arcrack at edge of blade.
etched in 10:percentnitric acid and 10-percentethylene
alcohol. Vertical illumination. X50.

C- 24858
12-9-49

Electrolytically
glycol in ethyl
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.,., ,,, -’-. ,J C- 24859.?- -.,-... -. . ..-__ ._ .:____ _J, _._. - , r .; 12.9.49

Figmw 7. - Blade-fractnresurfacesshowingcoarse crystallinetexture.
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(a) Befcre evaluation.

31

(b)IMlure time, 4.3 hours.

.

.

(C)Failure time, 29.1 hours.

T
C- 24860
12-9-49

(d)Failuretime,55.6 hours. (e) Failuretime,84.2 hours
.

Figure 9. - Microstructureof unaged blades before turbine evaluationand at various
failuretimes, showingstages of precipitation. Electrolyticallyetched in 10-percent
nitric acid and 10-percentethyleneglycol in ethyl alcohol. X250.
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(a) Before evsluationo

(C)Failure time, 54.5 hours.

(b) Failure tiqe, 35.8 hours.

C- 24861
12-9-49

(d) Failure time, 90.8 hours.

Figure 10. - Microstruct- of aged blades l)efore turbine evelua.tionend at vsrious
failuretimes, showingstages of precipitation. Electrclyticsll.yetched in 10-percent
nitric acid end lC)-percentethyleneglycol in ethyl slcohol. X250.
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